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'(54) Personal communication device and call process status signalling method 



(57) An array of stimulators associated with a per- 
sonal communications device for providing the user with 
tactile messaging respecting call processing or call net- 
work status. The array is positioned on the device so as 
to be in contact with the user while the terminal is carried 
or worn, on a wrist, for example. The stimulators of the 
array, are activated independently so as to provide the 
user with an encoded message of call processes such 
as alerting, dial tone, busy signal, etc. Preferably each 
status is associated with one of a set of unique patterns 
of operation of the stimulators recognizable by the user 



as tactile image or pattern of operation, rather than ne- 
cessitating tactile sensation of individual sequences of 
each stimulator. Advantageously audio and haptic sig- 
nalling is synchronised to provide a tactile warning to 
alert user to impending audio signal, and thereby allow 
a lower level, i.e. quieter, audio signal to be used, be- 
cause the user is primed by the tactile signal to expect 
the audio signalling. Thus the audio threshold for effec- 
tive signalling is reduced and obtrusiveness of audio sig- 
nalling in public places may be reduced when used in 
combination with tactile messaging. 
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Description 3 *""" 

Field of the Invention 

This invention relates to personal communication s 
devices, and network call process signalling for such de- 
vices, and more particularly to a personal communica- 
tion device having a tactile array for encoding call proc- 
ess status, and a method of encoding call process status 
using the device. 10 

Background of the Invention 

Personal communication devices for wireless serv- 
ices are proliferating. The scope of these devices and ?5 
services is broadening to include not only traditional te- 
lephony based communications, but also Internet and 
Web based communications. With the proliferation of 
these device and services, there will be increasing need 
to provide users with discrete signalling that informs the 20 
user of the status of incoming network communications 
(e.g., incoming call). It is known that the origin of sounds 
such as those commonly used as alerting signals for 
wireless devices, is easier to determine if the sound is 
travelling horizontally rather than vertically. Most con- 25 
ventional wireless terminals, however, are customarily 
worn at belt level or carried in a handbag at waist level. 
Thus, if several people in a particular location are car- 
rying wireless terminals and one of the users receives 
a call, it is not readily apparent to the user whether the 30 
alerting signal is coming from his/her terminal or from 
the terminal of another subscriber in the same location. 
It may take several rings before the called party realizes 
that it is his/her terminal that is ringing. This can be ex- 
tremely annoying to others in the immediate area. Be- 35 
cause of the difficulty in detecting the call signal, users 
may tend to turn up the alerter volume which exacer- 
bates the problem. 

In view of the potentially annoying aspects of the 
alerting signals, it is not uncommon for the facilitators of 40 
public events to ban the use of wireless terminals during 
the event. Similarly, use of such terminals is often dis- 
couraged in other noise sensitive areas such as librar- 
ies, etc. 

Many paging devices use vibration alerting to cir- 45 
cumvent this problem. The devices are belt worn, and 
provide a single vibratory signal to indicate an incoming 
message. Nevertheless, research suggests that this vi- 
bratory signal is often perceived as alarming, rather than 
informing. People often report that the sensation is one so 
of electric shock. Furthermore in known devices, the sig- 
nalling is not customizable, and is restricted to notifica- 
tion of an incoming call only. 

Accordingly, there is a requirement for alerting and 
improved notification of call progress for a personal 55 
communication device. 

Tactile stimulators in communication systems per 
se are known. For example, U.S. Patent 4,779,615, 



* which issued October 25, 1988, describes an arrange-" * 
ment of individually actuatable stimulators installed in 
an object such as a chair or bed. The stimulators are 
used to provide therapeutic stimulation to the body of a 
user. The stimulators, in one embodiment, are activated 
in response to a source of music so that the user senses 
both the sound and feel' of the music. 

In Canadian laid-open application 2,034,763 filed 
January 23, 1991 and published July 24, 1992, a tactile 
portable wireless radio transceiver communication sys- 
tem is discussed. The technique, according to the ap- 
plication, is to use a wireless battery operated transceiv- 
er unit placed close to the body or held by each operator. 
The operator sends, by pressing a switch actuator on 
the transceiver, or receives, by vibration through the 
skin, a radio frequency signal which activates the vibrat- 
ing mechanism. The application indicates that, through 
prearranged sequences of operation, coded information 
can be transmitted between individuals. Messages are 
sent and received by vibrations sensed through the skin. 

As mentioned above, it is also known to use vibra- 
tional action as means for alerting in pagers and the like. 
These are used to simply notify the wearers of such de- 
vices that a page is incoming. One such pager device 
is described in U.S. Patent 5,488,31 5 which issued Jan- 
uary 30, 1 996 to Hedayatnia et al. In the 5,488,31 5 pat- 
ent, a pair of piezoelectric vibrators are driven out of 
phase to provide an alerting oscillating movement In the 
patent, a pair of piezoelectric vibrators are driven out of 
phase to provide an alerting oscillating movement. 

Tactile messaging is also known as means of com- 
munication for deaf and/or blind individuals. 

Tactile speech encoders for the deaf, for example, 
as described by Boothroyd in US Patent 4,581 ,491 pro- 
vide a spatially distributed tactile array on the skin such 
that the user may use place of stimulation to extract 
meaningful speech cues. In addition to using spatial lo- 
cation, each stimulator may be uniquely stimulated at a 
frequency that corresponds to the extracted fundamen- 
tal frequency of a particular speech segment. Thus a 
user may use place of stimulation and frequency of stim- 
ulation to extract fundamental frequency information. 
Since adjacent segments of skin are poorly isolated 
from one another, and the tactile resolution of the skin 
is relatively poor, tactile arrays are necessarily large to 
avoid cross talk between vibrators. 

Summary of the Invention 

It is an object of the present invention to provide a 
personal communications device wherein stimulators 
alert the user of call progression status through tactile 
messaging. 

It is a further object of the invention to provide a tac- 
tile array comprising a plurality of stimulators which are 
activated individually to generate encoded messages of 
call status. 

Therefore in accordance with a first aspect of the 
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present invention there is provided a wearable personal 
communication device comprising an array of actuable 
stimulators for generating tactile messaging, the device 
having means for accepting network call status/progres- 
sion signalling and converting the call status/progres- 
sion signalling into an encoded message for driving the 
stimulators in unique patterns associated with call pro- 
gression signalling. 

Preferably each stimulator of the array is independ- 
ently actuable. Thus, where call progression signalling 
comprises one of alerting, ringing, dial tone, busy signal, 
call waiting, called party, ringback, network busy and 
other indications of call status or network status, each 
call progression signal generates a unique pattern for 
actuation of the stimulators of the tactile array. 

Thus, the personal communication device compris- 
es a tactile array that provides vibratory pattern informa- 
tion that corresponds to the network status information. 
In contrast to speech encoding, the design of the device 
is such as to create a holistic tactile image or recogniz- 
able pattern. The user is not expect to extract individual 
features based on the spatial location or frequency of 
stimulation of individual transducers. Rather the use will 
be able to extract a pattern of stimulation based on the 
temporal and spatial encoding of the transducer array. 
Typically the pattern will be one of a set of patterns rep- 
resenting each of a plurality of known network status or 
call status information. Typically this set of patterns will 
be limited to a set of standard patterns associated with 
known call status signals that the user will readily be 
able to recognise. 

Beneficially, each user will be able to adjust the am- 
plitude of stimulation to personal requirements, for ex- 
ample to create an informing rather than an alarming 
signal. r 

Preferably the stimulators are located within a pro- 
tective depression, and a dimension such as the diam- 
eter of the depression is adjustable to control the tactile 
sensation by the user. 

Advantageously, the personal wearable device provides 
synchronised audio and tactile signalling of network 
communication status. 

According to an additional aspect of the present in- 
vention, audio and tactile (haptic) informing are synchro- 
nized so that the overall intrusiveness of any particular 
sensory modality (audio or haptic) is minimized. This is 
achieved in two ways. Firstly the tactile signal will pre- 
cede its accompanying audio signal, thus forewarning 
the user to expect an auditory signal. This sequence has 
been demonstrated to reduce the users surprise and 
perception of alarming rather than alerting. Secondly by 
synchronizing the subsequent audio and haptic events, 
the overall level, or amplitude, of the audio signal may 
be reduced, since the user will now be primed to expect 
a personal alert. Thus the sound level of audible alerts 
may be significantly reduced to avoid general distur- 
bance in pubic areas, while still reaching the threshold 
to effectively alert the user to call or network status. 



Furthermore, recognition* of tactile patterns is as- - 
sisted by the synchronization with conventional, familiar, 
audio signalling. 

In accordance with a further aspect of the present 
s invention, there is provided a method of signalling one 
of a plurality of call progression status signals to a user 
of a wearable personal communication device having 
an array of actuatable stimulators for generating tactile 
messaging, comprising the steps of: accepting network 
10 call status/progression signalling, converting the call 
status/progression signalling into an encoded message 
and driving the stimulators in a unique pattern associat- 
ed with an individual call progression status signal. 

Preferably, the method comprises independently 
*5 driving each stimulator of the array to generate a vibra- 
tory pattern corresponding to the network status infor- 
mation Thus, where call progression signalling compris- 
es one of alerting, ringing, dial tone, busy signal, call 
waiting, called party, ring-back, network busy and other 
20 indications of call status or network status, the method 
comprises generating a unique pattern for each of these 
call progression signals. 

Brief Description of the Drawings 

25 

Embodiments of the invention will now be described 
with reference to the attached drawings wherein: 

Figure 1 is a representation in plan, of a tactile array 
30 according to an embodiment of the present inven- 
tion; 

Figure 2 is a cross-sectional view of the array of Fig- 
ure 1; 

Figure 3 is a plan view of one example of a vibrating 
35 element with a protective depression; 

Figure 4 is a cross sectional view of the element of 
Figure 3; and 

Figure 5 is a block diagram of a circuit to power the 
vibrating elements. 
40 Figure 6 illustrates another embodiment of the in- 
vention; 

Figure 7 illustrates an array of four stimulators; 
Figures 8A-G illustrate examples of call status en- 
coding showing independent activation sequences 
45 of each of the stimulators of x-y array of four stim- 
ulators. 

Detailed Description 

so For the purposes of the following description the 
personal communication device is a wearable device 
such as might be worn on a user's wrist similar to a wrist 
watch. It is to be understood, however, that the invention 
is not limited to a wrist worn device but may be incorpo- 

55 rated in other personal communication devices as long 
as the array is able to impart tactile messaging to a user. 
Such other devices may include, for example, neck worn 
devices (Nortel's Soundbeam), hand carried devices or 
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other wearable persoriarcommunication devices worn - 
or carried in contact with or in close proximity to the us- 
er's skin. 

As shown in Figure 1 , a device 10 has a shape sim- 
ilar to a wristwatch, with fastening means 1 1 for receiv- s 
ing a strap or band 1 3 to retain the device on a wearer's 
wrist. The wireless functionality is not shown, but it is to 
be understood that the device may have the ability to 
transmit and/or receive voice or data messages via ra- 
dio signalling. In a simplified embodiment, the wrist- 10 
worn device might be used solely to provide call pro- 
gression status while the actual voice/data communica- 
tion would be conducted with a conventional personal 
communication device in communication with the wear- 
able device 10. Thus, in the environment wherein nor- is 
mat alerting is objectionable, the user of the system(i.e. 
a conventional personal communication device) would 
be alerted by the tactile array e.g. that an incoming call 
was available, or other network status signalling. 

The tactile signal may be the only signal received 20 
by the user, or alternatively, the tactile signal may be 
synchronised with an audio signal. Synchronization of 
audio and haptic signalling is not precluded by physical- 
ly separating the audio and tactile (haptic) components 
of the system, i. e. they may be separate un its, preferably 2s 
in wireless communication with one another. Conse- 
quently, current telecommunications equipment may be 
supplemented by the haptic device to support call status 
notification or network signalling. 

In another embodiment, the tactile array may be 30 
part of the actual communications terminal. 

In each embodiment, the tactile array is used to pro- 
vide signalling such as dial tone, dialling, ring back, 
called party busy, network busy, call waiting, ringing, 
and hold, in addition to alerting and other network pro- 35 
gression/status signalling. 

The device 10 of the first embodiment has, on the 
back 12 or other suitable locations, an x-y array of four 
stimulators 14 which are individually actuatable and 
which are spaced apart generally as shown in the ex- 40 
ample of Figures 1 and 2. 

The stimulators, in the first embodiment are piezo- 
electric devices which vibrate in response to an electric 
signal. It is also contemplated that piezoelectric vibra- 
tors in combination with mechanically vibrating pins or 
the like may be emp toyed. Electro-mechanical vibrators 
are also contemplated by the invention. 

In the case of mechanically vibrating pins or electro- 
mechanical devices, the tactile alerting elements are 
preferably positioned within protective depressions 20 so 
as shown generally in Figures 3 and 4. In this way the 
vibrating elements only come in contact with the user's 
skin when an encoded signal is being delivered. The vi- 
brating elements may have rounded, flat, pointed, etc. 
tops and may be positioned so as to make contact with 55 
the wearer's skin or be positioned such that movement 
of the elements is sensed by the wearer The depression 
or cavity 22 in which the vibrating elements 14 are po- 



sitioned* may have a flat bottom J or"may be ^curved; * 
rounded etc. The rim 24 of the depression will normally 
be flat and smooth so as not to take away from the sen- 
sation imparted by the vibrating element. The diameter 
of the depression may be the order of a millimeter to 
several millimeters depending on the application. 

The diameter of the rim 24 surrounding the depres- 
sion may be made adjustable so as to provide the wear- 
er the ability to optimize the tactile sensation. It has been 
found that the sensation felt by the wearer is dependent 
on several factors including vibration frequency, vibra- 
tion amplitude, location of vibrating elements relative to 
each other and in relation to the user. A change in the 
diameter of the rim of the stimulator was found to have 
a particular noticeable effect on sensation to many us- 
ers. The shape of the cavity 22 also has an impact on 
the imparted sensation. 

It be understood that the stimulators may be other- 
wise positioned or arranged. For example, the stimula- 
tors could also be positioned on the strap or band as 
shown in Figure 6, used to hold the device on the user's 
wrist In this example, two stimulators 114 could be on 
the back of a device 110 and two other stimulators 114 
spaced apart on a band 113, or an alternative number 
may be provided. 

Alternatively, all of the stimulators might be distrib- 
uted along the length of the band. It will be apparent to 
one skilled in the art that the vibrator configuration, 
number of stimulators, location, and spacing will be var- 
ied depending on the shape, size and function of the 
communication device in which the alerting array is in- 
corporated. 

The personal communication device accepts call 
progression signalling such as alerting or ringing, dial 
tone, busy, etc., and converts this signalling into an re- 
spective encoded message, which drives the stimula- 
tors in unique pattern associated with each individual 
call status signal. 

The variables for stimulator activity include onset, 
offset, duration, amplitude, frequency and activation 
patterns. The aforementioned variations are used to sig- 
nal to the user in a tactile manner different call progres- 
sion status, for example, a sequential activation of each 
stimulator could be used to signal to the user an incom- 
ing call. The tactile message may be used alone, instead 
of an audible signal, or in combination with an audible 
alerting tone. 

The actual manner in which the various call pro- 
gression status is encoded for tactile messaging is not 
critical, but from an implementation consideration, the 
most easily recognizable sequences are used in con- 
nection with the most common status features. For ex- 
ample, it may be easy to recognize a tactile pattern 
wherein each stimulator in the array is activated sequen- 
tially. In other words, the four stimulators of the array 
shown in Figure 1 are each activated for a set time in a 
clockwise sequence. 

Figure 5 is a block diagram of a circuit used to drive 
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thefour'vibrattrig'elements independently. As shown' the 
circuit includes a central processor unit (CPU) 30 which 
operates according to a stored program 32. The stored 
program sets the sequence in which the vibrating ele- 
ments are activated as well as the duration of the acti- 
vation. The CPU also has an input port 34 for receiving 
data as to the nature of the encoded tactile message 
that is to be delivered. As previously indicated, this may 
be an alerting signal or a busy signal, or other network 
status signal. The stored program is downloaded via the 
dataport 36 to an I/O controller 38 which separates the 
encoded message into the four individual signals for 
each channel. These individual signals are regulated by 
voltage regulator 40 and then to the vibrating elements 
14 which may be piezoelectric vibrators. 

Figure 8A-G illustrate the scope of signalling envis- 
aged. Onset, offset, frequency of stimulation and dura- 
tion of stimulation are under designer control. Duration 
of signals are under network control, and are responsive 
to a set of known network signalling or call status signals 
which are received by the personal communications de- 
vice and encoded to activate the stimulators to provide 
tactile messages. The amplitude and overall onset and 
offset characteristics may be set under user control. 

Examples of signalling and tactile messaging is il- 
lustrated for a simple array 70 of four stimulators 72 ar- 
range as shown in Figure 7. 

A dial tone is represented as a tactile message by 
activating all four stimulators simultaneously, as long as 
dial tone is present, as indicated schematically in Figure 
8A. 

A ringing tone signal is represented as a tactile mes- 
sage by activating the four stimulators simultaneously 
with slowly increasing amplitude to provide a gentle tac- 
tile 'warning' signal corresponding to a warning beep, 
folbwed by a sequence of triggering the stimulators se- 
quentially so that each additional ring add another stim- 
ulator. After four rings the latter sequence restarts as 
long as dial tone is present, as indicated schematically 
in Figure 8B. 

A called party signal is represented as a tactile mes- 
sage by activating stimulators 1 and 3 together followed 
by stimulators 2 and 4. The period of stimulation of vi- 
brators 1 and 3 corresponds to the period of the audio 
busy signal sequence, as indicated schematically in Fig- 
ure 8C. 

A ring back signal is represented as a tactile mes- 
sage by activating all four stimulators to vibrate together 
simultaneously according to the ring back sequence of 
the corresponding audio signal,, as indicated schemat- 
ically in Figure 8D. 

A network busy signal is represented as a tactile 
message by activating all two stimulators 1 and 3 which 
stay on until after stimulators 2 and 4 are activated, as 
indicated schematically in Figure 8E, the period of acti- 
vation corresponding to periods of associated audio sig- 
nal. 

A call waiting signal is represented as a tactile mes- 



... .r sagg by activating all four stimulators to vibrate together - - 
simultaneously according very briefly, to create a tactile 
perception similar to an audible a click as indicated 
schematically in Figure 8F. 
s A searching the network signal is represented as a 
tactile message by activating each stimulator sequen- 
tially and the onset of one precedes the onset of the 
next, and the cycling speed represents the anticipated 
duration of the search, as indicated schematically in Fig- 
to ure BG. 

While examples of sequences have been illustrated 
for an array of 4 stimulators, another number of stimu- 
lators and alternative arrangement of stimulators may 
alternatively be used. Alternative sequences of activa- 
te tion may be associated with each call status/progres- 
sion signal. 

Although specific embodiments of the invention has 
been shown and described in detail, it will be understood 
that various modifications may be made without depart- 
20 ing from the invention defined in the following claims. 

Claims 

25 1. A personal communication device comprising: 

a wearable unit carrying an array of actuatable 
stimulators for generating tactile messaging; 
and 

30 means for accepting call process status signal- 

ling, converting the call process status signal- 
ling into an encoded message, and driving the 
stimulators in unique patterns associated with 
individual call status process signals. 

35 

2. A device as claimed in claim 1 , wherein a call proc- 
ess signal comprises one of alerting, ringing, dial 
tone, and busy signal. 

40 3. A device as claimed in claim 2, wherein each call 
process signal is associated with a tactile encoded 
message corresponding to a unique pattern. 

4. A device as claimed in any one of claims 1 to 3, 
45 wherein individual stimulators of the array of stimu- 
lators are independently actuatable. 

5. A device as claimed in claim 4, wherein each stim- 
ulator comprises a piezoelectric vibrator. 

50 

6. A device as claimed in claim 4, wherein the array of 
stimulators comprises a plurality of electro-me- 
chanical vibrators. 

55 7. a device as claimed in any preceding claim, com- 
prising a wrist worn unit carrying the array of stim- 
ulators for providing a user with tactile call process 
status signalling respecting an associated personal 
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communication device; " - ~ ' * 

8. A device as claimed in any one of claims 4 to 7, 
wherein the stimulators are positioned for direct 
contact with a user of said device, the stimulators $ 
being act uat able by electro-mechanical means 
whereby tactile call process status messaging is de- 
livered to said user. 

9. A device as claimed in claim 7, wherein the personal 10 
communication device provides means for generat- 
ing audio call status messaging, comprising means 

for synchronizing tactile call process status mes- 
saging and audio call status messaging. 

is 

10. A device as claimed in any one of claims 7 to 9, 
wherein the stimulators are located in a spaced re- 
lationship on a back face of the device. 

11. A device as claimed in claim 10 having an associ- 20 
ated band for securing said device to a user's wrist, 

at least one of said stimulators being located on the 
band. 

12. A device as claimed in any one of claims 7 to 11 , 25 
wherein the tactile messaging provides an alerting 
signal. 

13. A device as claimed in any one of claims 1 to 6, 
wherein it is intended to be worn around a user's 30 
neck. 

14. A device as claimed in any one of claims 1 to 6, 
wherein it is intended to be carried in a user's hand. 

35 

15. A device as claimed in any preceding claim, where- 
in at least one of said stimulators is located within 
a protective depression. 



— generate a vibratory pattern corresponding to each 
call process status signal. 

1 9. A method as claimed in claim 1 7 or claim 1 8, where- 
in the call status signal comprises one of alerting, 
ringing, dial tone, busy signal, and other indications 
of call status. 

20. A method as claimed in any one of claims 1 7 to 1 9, 
comprising generating a unique pattern for each re- 
spective call status signal. 

21 . A method as claimed in any one of claims 1 7 to 20, 
comprising detecting call status signalling to said 
device; 

converting said signalling into and encoded 
message comprising digitally encoded data; 
and 

actuating the stimulators by supplying said en- 
coded data to the array of actuatable stimula- 
tors. 

22. A method as claimed in any one of claims 1 8 to 21 , 
comprising synchronously generating an corre- 
sponding audio signal associated with an individual 
call status/progression signal. 

23. A method as claimed in any one of claims 18 to 22, 
comprising independently driving each stimulator of 
the array to generate a vibratory pattern corre- 
sponding to each call status signalling. 

24. A method as claimed in any one of claims 1 8 to 22, 
comprising independently actuating individual stim- 
ulators. 



16. A device as claimed in claim 15, wherein the diam- 40 
eter of said protective depression is variable. 

17. A method of signalling one of a plurality of call proc- 
ess status signals to a user of a personal commu- 
nication device having a wearable unit carrying an 4$ 
array of actuatable stimulators for generating tactile 
messaging, comprising the steps of: 



accepting network call process status signal- 
ling; so 
converting the call process status signalling in- 
to an encoded message; and 
actuating the stimulators in unique patterns as- 
sociated with individual call process status sig- 
nals. 55 

18. A method as claimed in claim 17, comprising inde- 
pendently driving each stimulator of the array to 
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Fig. 8B 
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Fig. 8D 
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Fig. 8F 
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